Plasma concentrations of local anaesthetic agents have been measured after 40 interscalene brachial plexus blocks in 39 patients, using lignocaine, prilocaine, bupivacaine and etidocaine. Lignocaine produced greater concentrations than prilocaine; and bupivacaine greater concentrations than etidocaine. The addition of adrenaline resulted in much lower concentrations in the case of all four agents.
The interscalene approach to the brachial plexus offers the anaesthetist the possibility of producing regional anaesthesia of the upper limb without some of the disadvantages of the traditional methods. Both supraclavicular and axillary approaches may be complicated by arterial puncture, and the supraclavicular approach by pneumothorax. Unless very large volumes of local anaesthetic are used for the axillary route, anaesthesia of the shoulder is not obtained and this route is unreliable for blocking the musculo-cutaneous nerve (De Jong, 1961) .
These problems may be avoided by the use of the interscalene technique. It is also claimed to be the easiest of the three methods (Winnie, 1970) . However, poor technique may lead to subarachnoid, extradural or vertebral artery injection; spread of solution to the upper cervical nerves may produce phrenic nerve block. Winnie (1970) did not encounter any of these complications in "many hundreds of cases" but he did note slowness of onset of analgesia in the distribution of the ulnar nerve.
The interscalene approach has many potential advantages, but large volumes of solution are needed. Winnie (1970) suggested 0.5 ml of solution for every inch of height in adults and Ward (1974) used 30-35 ml of prilocaine 1.5% with 1 : 400 000 adrenaline. The use of such volumes may exceed the limit of toxicity for some drugs. Therefore it was decided to study the plasma concentrations of local anaesthetics after interscalene block using various agents, with and without adrenaline. 
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METHOD
Patients for whom brachial plexus block was considered a suitable technique were visited in the ward before operation and offered a local anaesthetic. All the patients had upper limb injuries, but none had evidence of blood loss or shock. The technique was explained and sedation offered to those who wished to be unaware of their surroundings during surgery. Consent was requested for the withdrawal of serial samples of blood for measurement of local anaesthetic concentrations. No premedication was given.
An i.v. cannula was inserted in the contralateral antecubital fossa for blood sampling and the administration of sedative drugs. The blocks were performed as described by Winnie (1970) using an "immobile needle" (Winnie, 1969) routinely. In tense subjects it was found useful to ask the patient to take a deep inspiration to aid identification of the interscalene groove. During this manoeuvre the scalene muscles raise the first and second ribs (Lockhart, 1951) and when they are contracted the groove between the muscles is usually easier to palpate. Insertion of the needle and injection of the solution were performed with the patient relaxed. The patient was then asked to sit up for 3-4 min to aid the spread of solution downward within the sheath (Ward, 1974) .
For the purpose of the study a standard volume (30 ml) of solution was injected. The agents used were lignocaine 1.5%, prilocaine 1.5%, bupivacaine 0.5% and etidocaine 0.5% as plain solutions and with adrenaline 1 :200 000. Thus there were eight groups with five patients in each. The study was not performed double-blind to comply with the orthopaedic surgeons' request that no patient with a recent fracture should receive a potentially longacting agent, which might obscure the development of ischaemic pain resulting from swelling in a plaster cast.
Blood was withdrawn into heparinized tubes before interscalene injection and at 5, 10, 15, 20, 30, 60 and 120 min thereafter. Plasma was separated by centrifugation and stored at 4 °C until analysis was performed by gas chromatography (Mather and Tucker, 1974) . I.v. sedation, using small increments of thiopentone or diazepam, was administered routinely unless specifically contraindicated, or if the patient did not wish it. Sedation was not given until after the 20-min sample had been taken.
Statistical comparisons were made using a Lindquist Type 1 analysis of variance.
RESULTS
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Forty interscalene blocks were performed on patients for the procedures shown in table I.
Lignocaine was associated with much greater plasma concentrations than the same dose of prilocaine, the differences being significant at all sampling times. Even when combined with adrenaline, lignocaine produced significantly greater concentrations than plain prilocaine. Plain bupivacaine caused greater plasma concentrations than plain etidocaine (except in the 5-, 60-and 120-min samples), but there was less difference between the two adrenaline-containing solutions, and the mean values were significantly different only at 30 and 60 min. Considering only plain solutions, bupivacaine produced a mass maximum concentration of 1.4 (J.g/ml for every 100 mg injected, lignocaine and etidocaine produced values between 0.9 and 1.0 (xg/ml and prilocaine only 0.5 [xg/ml for every 100 mg (table II and fig. 1 ). Time ( Adrenaline reduced the plasma concentrations of all four drugs, although this did not reach statistical significance with etidocaine unless the 5-min samples and the mean maxima were compared. With the other three drugs the difference was significant at all sampling times up to and including 30 min, but not thereafter. Adrenaline reduced the mean maximum concentrations of prilocaine and bupivacaine by 40-50%, but only by 30% when added to lignocaine and etidocaine. 
DISCUSSION
The difference in plasma concentrations produced by the interscalene administration of drugs of similar potency has been noticed following injection at other sites (Scott, 1965a; Scott et al., 1972; Lund, Bush and Covino, 1975) . Thus, the present study confirms previous investigations which indicate that plasma concentrations of prilocaine are consistently less than those of lignocaine regardless of the site of injection. Even with adrenaline, lignocaine produced concentrations greatly in excess of plain prilocaine. Consideration of the low plasma concentrations with prilocaine and its lower central nervous system toxicity (Englesson et al., 1964) indicates that this agent is probably the safest of the presently available amidetype drugs. The only patient in the series to have symptoms suggestive of systemic toxicity associated with very high plasma concentrations was in the plain lignocaine group. The peak figure was 6.23 (xg/ml, which was the highest plasma concentration observed in any of the patients.
Many anaesthetists seem reluctant to use prilocaine because of the risk of methaemoglobinaemia. Thirty millilitre of prilocaine 1.5% contain 450 mg of the drug, but cyanosis becomes clinically apparent in adults only with doses exceeding 600 mg (Scott, 1965b) . Even then there are only 1.5g/100ml of methaemoglobin present. At the dosage required for interscalene block it is unlikely that there would be a significant reduction in oxygen-carrying capacity, or confusion about the cause of cyanosis after operation. Blood was withdrawn in three patients for estimation of methaemoglobin 2 h after the injection of prilocaine and all concentrations were in the physiological range. Shouldmethaemoglobinaemiabecomeapparent, it may be treated effectively by the administration of methylene blue 0.5-1.0 mg/kg (Crawford, 1965) . Thus, the excellent quality and duration of anaesthesia, and the wide safety margin of prilocaine suggest that it may be considered the agent of choice for brachial plexus blockade.
Significant differences in the plasma concentrations of etidocaine and bupivacaine were observed also in this study and are similar to those reported following extradural block (Abdel-Salam, Vonwiller and Scott, 1975) . If these drugs are considered equipotent, this would suggest that etidocaine is preferable, since the plasma concentrations of this agent were approximately 40% less than those following equal doses of plain bupivacaine. However, our preliminary clinical impressions suggest that in plain solution etidocaine is not equipotent with bupivacaine. Since the addition of adrenaline to etidocaine appears to improve the clinical efficacy of this agent for peripheral nerve block (Poppers et al., 1974) and since the plasma concentrations of etidocaine were small following the administration of the 0.5% plain solution, it should be reasonably safe to use greater concentrations (0.75% or 1.0%).
Detailed clinical assessment was not undertaken because of the open plan of the study and the small numbers involved, but the patients were visited at regular intervals after operation and a note made of the duration of analgesia (table III) . In many instances durations of the same order as noted here have been observed by others using various approaches to the brachial plexus. Morris (1972) states that adrenaline should be added to lignocaine to prolong its action beyond 45-60 min with the supraclavicular approach. Ward (1974) found that analgesia lasted 110-305 min using prilocaine 1.5% for interscalene block. Selander (1975) observed that surgical analgesia lasted 5-12 h after supraclavicular block with bupivacaine 0.5%. Durations of 5-12 h have been reported also for etidocaine in axillary (Hollmen and Mononen, 1975) and supraclavicular (Selander, 1975) blocks. These studies and our own experience indicate that the long-acting agents produce greater variations in the duration of analgesia. For example, two patients in the etidocaine with adrenaline group demonstrated considerable residual anaesthesia and muscle weakness for 18 h following injection and thus their discharge from hospital was delayed. Such prolonged durations may be advantageous or disadvantageous depending on the clinical situation.
Considering that large doses of local anaesthetics are required for brachial plexus block compared with most other regional procedures, it is surprising that there is relatively little published data on plasma concentrations following this particular procedure, although several reports are available on mepivacaine (Dhuner et al., 1965; Harley and Gjessing, 1969; Tucker et al., 1972) . The plasma concentrations found here were higher than those reported following axillary block with lignocaine and adrenaline (Mazze and Dunbar, 1966) or with bupivacaine and adrenaline (Yoshikawa, Mima and Egawa, 1968) . Similarly, the supraclavicular injection of etidocaine and adrenaline (Lund, Bush and Covino, 1975) was associated with lesser plasma concentrations than those reported here. Although the present study did not attempt to compare the absorption of local anaesthetic drugs using different approaches to the brachial plexus, there is a suggestion that the interscalene approach may cause more rapid absorption of local anaesthetic drug than the other routes.
Adrenaline was very effective in reducing plasma concentrations with all the agents used, and this has been shown also to occur with mepivacaine after supraclavicular block (Tucker et al., 1972) . This is different from the situation following extradural injection when the plasma concentrations after prilocaine, bupivacaine and etidocaine are altered only marginally by adrenaline (Covino and Vassallo, 1976) . It has been shown that adrenaline has varying effects in different regions (Scott et al., 1972) . With a drug similar to lignocaine, which may produce almost toxic concentrations or which is of brief duration, the use of adrenaline may be essential. With a drug similar to prilocaine, the use of adrenaline may only increase the risk of systemic toxicity. In addition to the patient mentioned above who developed signs of toxicity, two others became acutely anxious and exhibited symptoms that might have suggested systemic toxicity, but their plasma concentrations were unremarkable. Since both received adrenaline-containing solutions it may be that these reactions were produced by the vasoconstrictor, which has been shown to produce systemic effects after brachial plexus block (Kennedy et al., 1966) .
We have found interscalene brachial plexus block to be a straightforward procedure, clinically useful, acceptable to patients and suitable for the testing of local anaesthetic agents. It has a low complication rate (Ward, 1974) , except for a high degree of spread to the stellate ganglion (table IV) . This is of little consequence to the patient and rarely produces a complete Horner's syndrome, but the possibility of changes in pupil size must be remembered in patients who have also received recent head injuries, however minor. It can occur also after supraclavicular block (Lee and Atkinson, 1973) . The occurrence of recurrent laryngeal and phrenic nerve palsies in both this series and that of Ward (1974) , but not in that of Winnie (1970) , is of interest, and a warning against During the course of the study the extent of the analgesia produced was found to be inadequate for the projected surgery in six patients. An alternative local anaesthetic drug was used to provide superficial cervical plexus block in two of these and nerve block at the wrist in the other four. The need for these supplements may have been a result of the fixed volume of solution used and it seems clear that some patients require more than 30 ml of solution to ensure an adequate extent of block (Winnie, 1970) .
It is suggested that the safest agent for this block is prilocaine, possibly in plain solution. Where a longer-acting drug is required our experience indicates that bupivacaine 0.5% should be used with adrenaline, since the plasma concentrations obtained with plain solutions bordered on the value that has been suggested as likely to produce systemic effects . If etidocaine is to be used then the concentration should be at least 0.75% to which adrenaline may be added if a very prolonged block is desired. Winnie, A. P. (1969 
